Background: Educators, researchers and policy-makers worldwide continue to struggle to understand the changes needed for improving educational outcomes and attainment for students, particularly in content areas such as mathematics and science that are essential for developing a highly skilled workforce. Given the continuing emphasis on linking teacher practices with student outcomes, this study aims to explore teachers' use of particular instructional strategies and whether use is associated with student achievement. Methods: Using data from the Trends in International Mathematics and Science Study (TIMSS) 2007, this study examines eighth grade teachers' use of instructional practices that support students' conceptual understanding, and examines the relationship between those practices and mathematics test scores. Data from four countries was examined: U.S., Korea, Japan, and Singapore. Descriptive statistics and a series of multilevel regression models were used. Results: The results show that teachers in the U.S. were most similar to Korean teachers in the frequency and types of teaching practices reported, and that they reported using some practices at least as frequently, or more frequently than teachers in the other countries. A sub-set of teachers' instructional practices are related to mathematics achievement in the U.S. and Singapore, but not in Korea or Japan. Conclusions: Teacher practices explained very little of the variability in test scores, even in cases where particular instructional practices were positively and significantly related to achievement. This research highlights the challenges for examining the teacher-level correlates of student test scores using data from cross-sectional, international studies that do not include measures of students' prior achievement, classroom observations, or estimates of students' out-of-school instruction.
Background
Researchers and policymakers worldwide have an ongoing interest in understanding the ways in which teachers contribute to students' learning and academic achievement. In the U.S. for example, prompted by the most recent federal investments in education, the Race to the Top program authorized under sections 14005 and 14006 of the American Recovery and Reinvestment Act of 2009 (ARRA), which places specific emphasis on improving teacher quality, researchers, policy-makers and practitioners are increasingly interested in the interplay between teacher quality and student achievement. However, as with many constructs in education, teacher quality is a multidimensional construct that includes not only teacher qualifications, but also teachers' pedagogical content knowledge, their professional development activities, their instructional practices and quality, as well as their attitudes toward students and teaching (DarlingHammond and Youngs, 2002; Goe, 2007) . While several studies have linked overall measures of the quality of instructional practice (such as standardized teacher evaluation ratings) to student test scores (Borman and Kimball, 2005; Heneman et al., 2006; Holtzapple, 2003; Kimball et al., 2004; Milanowski, 2004) , other studies have found no such connections (e.g., Gallagher, 2004; Rowan et al., 1997; D'Agostino, 2000) .
Overall, there appears to be little consensus on the specific instructional strategies that are consistently associated with student achievement.
The purpose of this research is to describe patterns in teachers' instructional practices in eighth-grade mathematics classrooms in four countries that participated in the Trends in International Mathematics and Science Study (TIMSS) 2007 (the U.S., Korea, Japan, and Singapore), and to examine the relationship between teachers' instructional practices and students' achievement in mathematics. This research also highlights the challenges for using data from international cross-sectional comparative studies to link student outcomes with teachers' instructional practices.
Instructional practices and student achievement
Demonstrating relationships between specific teaching practices and student achievement has proven difficult. From a methodological perspective, cross-sectional educational research designs do not allow us to know whether a teacher is using a particular strategy because that teacher has high-achieving students, or whether that strategy is producing high-achieving students. Likewise, cross-sectional studies that lack information about students' prior achievement make it difficult to disentangle a single teacher's contribution to students' achievement.
Beyond these challenges, Hiebert and Grouws (2007) attribute the lack of consensus on the relationship between instructional strategies and student achievement to an absence of well-developed theories describing how teaching practices affect learning; to the varying effectiveness of a given teaching approach that depends on the learning goals; and to the mediating effects of student and contextual variables. However, evidence has accumulated for the effectiveness of some teaching practices. For example, Hill et al. (2005) found that teachers' pedagogical content knowledge, the specialized mathematical knowledge and skills used in teaching mathematics, were positively associated with gains in students' mathematical achievement over time.
Likewise, Hattie's (2009) exhaustive synthesis of meta-analyses of research on student achievement identifies a number of teaching strategies with moderate-to-large effect sizes across multiple studies. These strategies include "problem-solving teaching," which is defined as a set of methods that help students to define the problem, then assess and select among possible solutions. In alignment with Hattie's findings, Camburn and Han (2011) found support for a significant effect for problem-solving and related instructional strategies in a review of evidence from the past twenty years of student achievement studies based on large-scale assessments. The associated student activities included "solving novel problems, engaging in reasoning and analysis, and making connections to real world applications of knowledge" (p. 593). These practices can be understood within the framework of conceptual and procedural mathematics knowledge (Hiebert and Lefevre, 1987; Hiebert, 2003) .
Conceptual knowledge is the understanding of core principles and the relationships among them (Hiebert and Lefevre, 1987; diSessa and Sherin, 1998; Star, 2005) . Hiebert and Grouws (2007) outline two key aspects of instructional practices that help students develop conceptual understanding: giving students the opportunity to "struggle" with problems (p. 387), and discussing conceptual relationships "explicitly" (p. 383). These approaches help students develop the ability to transfer their skills and knowledge to new contexts. Prawat (1989a) , whose work was a resource for the TIMSS conceptual framework underlying the teacher and classroom context surveys, connects conceptual knowledge development with teacher practices that attend to students' explanations and problem-solving strategies. By contrast, procedural knowledge is limited to recognizing the mathematical system of symbols and rules, and carrying out procedures using that system (Star, 2005) . Conceptual knowledge allows the student to select and apply the right procedure for the situation, and to incorporate new information correctly into what he or she already knows (Prawat, 1989b) . In the U.S., the National Council of Teachers of Mathematics (NCTM) (2000) recognizes the importance of conceptual understanding, calling for students to learn "with understanding, actively building new knowledge from experience and previous knowledge" and "reflecting on their thinking" (p. 2).
Teaching practices that help students to develop conceptual knowledge have been linked to achievement in the literature. These practices include: giving students challenging assignments (Newmann et al., 2001; Schacter and Thum, 2004) ; providing opportunities to apply learning and solve unique problems (Wenglinsky, 2002) ; spending time on conceptual activities such as estimation, writing equations, and word problems (Lubienski, 2006) ; and having students discuss the reasons behind their answers to questions (Gales and Yan, 2001) . The research companion to the NCTM Standards (Mewborn, 2003) also cites studies that link higher achievement to providing students with opportunities to solve problems and talk with each other about their approaches (Fennema, et al., 1996) , as well as helping students see the associations between concepts and mathematical symbols (Gearhart et al., 1999) .
Evidence from international comparative studies
With the almost 20 years of available data from international comparative studies in education such as the TIMSS, the Progress in International Reading Literacy Study (PIRLS), and the Programme for International Student Assessment (PISA), secondary analyses have been conducted in individual counties that examined the relationship between teachers' instructional practices and student achievement. For example, using TIMSS 1995 eighth grade data in the U.S., Tomoff et al. (2000) compared the NCTM-recommended practices to those reported by the sample of TIMSS mathematics teachers and found that the use of drill and review exercises was significantly negatively associated with mathematics achievement. Their study also showed that more interactive, conceptual activities such as group and project-based work showed no relationship. In Japan, House (2009) found that higher-achieving fourth grade students in the 2007 TIMSS sample reported being asked more frequently to work on problems independently and to explain their answers, although procedural skills such as memorization of procedures and practicing computation were also positively related to achievement in this younger population.
A small number of researchers have used data from international comparative studies to describe the differences in teachers' instructional practices across countries, and to examine the relationship between instructional practices and achievement. For example, as part of a multi-country study using 1999 TIMSS eighth grade data, Desimone et al. (2005) analyzed whether teachers' use of conceptual versus computational instructional strategies was predictive of classroom-level mathematics achievement. The authors found weak relationships within countries, and no meaningful variation in the strength of this relationship across countries. In country-specific analyses, they found a weak positive association between conceptual instruction and achievement in the U.S., but no such relationship in Singapore or Japan.
Evidence on instructional practice in the U.S. and East Asia
In the U.S., researchers, policy-makers, practitioners, and even the general public are keenly aware that multiple international studies have shown that our students consistently lag behind students in some countries, particularly students in East Asian countries. For example, on the 2007 TIMSS and PISA assessments, U.S. middle school students performed below the OECD mean in mathematics, and lagged behind the East Asian countries; Singapore, Korea and Japan ranked among the top five countries in TIMSS and the top 10 in PISA, compared to the U.S. at 9 th in TIMSS and 31 st in PISA (Mullis et al., 2008; OECD, 2010) . Moreover, evidence shows that only 6% of U.S. students scored in the advanced category of TIMSS, compared to 40% of students in Korea and Singapore, and 26% in Japan (Mullis et al., 2008) . Studies that have explored explanations for what distinguishes East Asian nations from lower performing countries, including the U.S., reported various differences including stronger teacher preparation (Heck, 2007; Kim et al., 2011 ) and a uniform, coherent national curriculum (Schmidt et al., 2005) . Some strands of research also explore the cultural roots of these differences, such as a predominant focus on the collective, a greater emphasis on hard work and practice, and the role of the teacher as content expert in the Eastern tradition, compared to a focus on the individual and child-centered pedagogy in the Western tradition (Kaiser and Blömeke, 2013) . Other researchers point to the amount of time spent both in and outside of school on mathematics instruction as an important distinguishing characteristic (Lewis and Seidman, 1994, Bray, 2003; Bray and Kwo, 2013) . In particular, valid comparisons across education systems may be hampered by the existence of for-profit, supplementary "shadow education" systems that operate in parallel to those sampled in international comparative studies. Despite their strong education systems, cram schools, referred to as juku in Japan and hagwons in Korea, are ubiquitous in many East Asian countries (Bray and Kwo, 2013) . In Singapore for example, the number of juku almost tripled between 1994 and 2002 (Bray, 2003) and in 2008 in Korea, more than 70% of middle school students received extensive tutoring outside of the country's formal education system sampled and assessed by international comparative studies (Bray and Kwo, 2013) .
Related to instructional practice differences, classroom observational studies suggest that teachers in higher-performing countries tend to use strategies that support conceptual knowledge development more frequently than their peers in the U.S., where teachers spend more time nurturing basic procedural skills at the expense of critical thinking and understanding of underlying concepts (Prawat, 1989a) . This finding is supported by the 1999 TIMSS video study, which collected classroom observations from randomly selected classrooms in six high-performing countries and the U.S., and reported that teachers in U.S. classrooms spent more time completing repetitive exercises rather than applying and extending skills to new, different problems; reviewed previously taught procedures and material more frequently; covered less advanced content; covered a scattered mix of skills and concepts rather than a single coherent topic; and suffered more interruptions to the lesson (Hiebert et al., 2005) . Researchers have also found that teachers in Japan (Whitman and Lai, 1990) and Singapore (VanTassel-Baska et al., 2008) focused more on critical thinking and lesson structure, when compared to U.S. teachers who focused more on discipline and rules. Japanese teachers also reported a more unified view of what constitutes "good" mathematics instruction than their American counterparts (Jacobs and Morita, 2002) .
Research purpose
Recognizing the limitations of international cross-sectional studies of educational outcomes that use self-report instructional practices, the present study seeks to extend the field's understanding of the relationship between teaching for conceptual understanding and mathematics achievement using TIMSS 2007 data. The objective of this research is to describe patterns in teaching for conceptual understanding in eighth-grade mathematics classrooms in the U.S. and three East Asian countries, Korea, Japan, and Singapore, and to examine how teaching for conceptual understanding in mathematics classrooms is associated with students' achievement in mathematics. Korea, Japan, and Singapore were selected as comparisons to the U.S. because, over repeated international studies, they have out-performed the U.S. For example, while the mean mathematics scores for the U.S., Korea, Japan, and Singapore were each above the TIMSS international mean (i.e., 500) across the 49 participating countries/jurisdictions in 2007, the means in 2007 for Singapore (593), Japan (570), and South Korea (597) were each higher than the mean in the U.S. (508). Moreover, this pattern of lower mean achievement for the U.S. compared to these countries was observed in all past TIMSS administrations for mathematics -TIMSS 1995 -TIMSS , 1999 -TIMSS , 2003 -TIMSS , and most recently in 2011 Using TIMSS 2007 data from individual students, data from their mathematics teachers, as well as information about their schools, this research addresses the following research questions:
1. How does teaching for conceptual understanding in mathematics classrooms vary across the U.S., Korea, Japan, and Singapore?
2. Within these four countries, is teaching for conceptual understanding associated with students' mathematics achievement? And, do the associations between teaching for conceptual understanding and students' mathematics achievement vary across the U.S., Korea, Japan, and Singapore?
These questions were addressed using teacher data and individual student data, and analyses were conducted separately by country. Descriptive analyses and ANOVA with teacher data were used to address the first research question, and a series of two-level hierarchical linear regression models with student, teacher and school data was used to address the second research question. In addition to addressing these research questions, this study highlights the challenges for using data from cross-sectional, international comparative studies to link student outcomes with teachers' instructional practices.
Methods
This section describes the TIMSS 2007 sample, the variables and measures derived from the TIMSS student, teacher, and school questionnaire data, and the data analyses used to address the research questions. Explicit descriptions of the model specifications used to estimate the relationship between teachers' instructional practices and student achievement are also provided a .
TIMSS 2007 sample
The final analysis sample for each country was defined after the data files were cleaned according to specific criteria. First, students with missing cases on the student-level covariates were removed from the analysis sample (2% or 164 students in the U.S., 0.03% or 14 students in Korea, 1% or 35 students in Japan, and 0.5% or 21 students in Singapore). Studies have shown that estimates are not sensitive to the choice of treatment of missing data at such minimal levels (Little & Rubin, 2002) , and so we do not expect the listwise deletion of these small numbers of cases to introduce bias. Second, students and classrooms linked with more than one mathematics teacher were removed from the analysis sample. This step ensured that only students whose test scores could be linked with one teacher were included in the analyses, a necessary condition for examining the association between teachers' instructional practices and student achievement. Through this process, 216 students were removed in U.S. (3%) and 58 students in Korea (1%). In Japan, the number of students removed at this step was large, 1212 (22%), and because in many schools all students were linked with more than one teacher, 37 schools (of the available 146) were removed from the sample at this stage. In Singapore, 171 students (4%) in two schools (of the available 164) were removed.
Third, some classrooms were randomly removed from the analysis sample to allow comparisons across countries. The TIMSS sample is selected using a two-stage stratified sampling procedure to produce a representative sample of students from participating countries; schools are randomly sampled at the first stage and intact classrooms are sampled within each sampled school at the second stage (Joncas, 2008) . The majority of TIMSS countries randomly sampled only one intact classroom in each school, resulting in classroom effects being confounded with school effects. However, some countries (e.g., the U.S. and Singapore) routinely sampled more than one classroom per school. To allow direct comparisons among the four countries included in this study, one classroom was randomly selected within each school to be included in the analyses. This process resulted in the random removal of 192 classrooms in the U.S., 20 in Japan, and 133 in Singapore. No classrooms were removed from the Korean sample since all schools sampled only one classroom. As a consequence of including only students from one mathematics classroom and their mathematics teacher, the classroom and school levels are confounded. In describing the analyses and the results we refer to the between school effects, recognizing that they could also be considered between classroom effects.
Finally, schools fewer than five students were removed from the analysis sample (only one in Japan and none in the other three countries) and schools with missing teacher instructional practice data were removed from the analysis samples (23 schools in the U.S., no schools in Korea, one school in Japan, and two schools in Singapore).
Overall, the analyses were conducted with data from 217 schools and 3255 students in the U.S., 150 schools and 4102 students in Korea, 107 schools and 2719 students in Japan, and 160 schools and 2270 students in Singapore. Table 1 shows that mean achievement and the variability in achievement were similar in the reported samples (Mullis et al. 2008 ) and the analysis samples. Moreover, the percentages of students whose teachers asked them to engage in the six activities in about half the lessons or more were similar in the reported and analysis samples.
Variables and measures
The research questions were addressed using students' eighth grade mathematics achievement, the instructional practices reported by their teachers, as well as information about the student body in the sampled schools. The teacher instructional practice measures were derived from teachers' responses to the mathematics teacher survey. In addition, the analyses included student and school covariates derived from the student and school questionnaires. The student achievement and teacher practice measures, as well as the student and school covariates are discussed in turn.
Mathematics achievement
At the eighth grade, the student mathematics assessment comprised four sub-domains, each contributing to a total mathematics score: Number (30%), Algebra (30%), Geometry (20%), and Data and Chance (20%) (Mullis et al., 2005) . TIMSS uses item response theory (IRT) in combination with conditioning and multiple imputation to summarize students' total mathematics and sub-domain achievement on a scale with a mean of 500 and a standard deviation of 100, and a set of five plausible values are provided to account for the fact that not all students are administered all test items . HLM multilevel regression modeling software was used so that all five plausible values representing students' total mathematics achievement were used appropriately in the analyses.
Teaching for conceptual understanding measures
The teaching for conceptual understanding measures used to address the research questions were derived from a sub-set of the questions relating to teachers' self-reported instructional practices in the mathematics classroom (Mullis et al., 2008) . Specifically, six of the available items were used to represent teachers' practices related to teaching for conceptual understanding. As discussed in the previous section, academic achievement has been shown to relate to instructional practices that help students develop conceptual understanding. TIMSS developed the set of teacher practice items in part by drawing on research on these issues (Schmidt and Cogan, 1996) , particularly work by Prawat (1989a; 1989b) on the aspects of teaching that promote conceptual understanding, such as analyzing how students explain and solve problems, and giving students opportunities to engage with fundamental concepts. TIMSS developers used three of these six items in the 1999 administration as part of an index of Teachers' Emphasis on Mathematics Reasoning and Problem-solving . Measured on a scale ranging from "Every or almost every lesson" (3) to "Never" (0), the following six items that asked teachers to report how often they asked students to do the following were used to represent teachers' practices related to teaching for conceptual understanding:
… write equations and functions to represent relationships … interpret data in tables, charts or graphs … apply facts, concepts and procedures to solve routine problems … relate what they are learning in mathematics to their daily lives … decide on their own procedures for solving complex problems … work on problems for which there is no immediately obvious method of solution Teachers' responses to the six individual items were used to represent teachers' practices related to teaching for conceptual understanding. While the TIMSS instructional practice items do not map neatly onto the constructs of conceptual versus procedural knowledge development, the six items used in this study were chosen to represent several key elements of teaching for conceptual understanding. "Writ[ing] equations and functions to represent relationships" gives students the opportunity to explicitly examine conceptual relationships, using the symbolic language of mathematics (Hiebert, 2003; Prawat, 1989a) . When students "relate what they are learning to their daily lives, " they must transfer mathematical knowledge to a real-world context and connect different pieces of information (Hiebert and Lefevre, 1987) . To "interpret data in tables, charts or graphs, " "apply facts, concepts and procedures to solve routine problems, " and "decide on their own procedures for solving complex problems, " students must select the appropriate procedure and use it correctly for the given context (Hiebert and Lefevre, 1987) . When students select their own methods of solution, the teacher also has an opportunity to observe students' thought processes and misconceptions (Hiebert and Grouws, 2007; Prawat, 1989a) . Taking these problemsolving skills a step further, when students "work on problems for which there is no immediately obvious method of solution, " they grapple with problems in which they have incomplete information or skills, creating a productive opportunity for growth (Hiebert and Grouws, 2007) . In contrast, TIMSS instructional practice items representing activities that focus on procedural knowledge development were not included in this study (e.g., "memorize formulas and procedures" and "practice adding, subtracting, multiplying and dividing without using a calculator" (Mullis et al., 2008) ).
The authors explored the creation of a composite variable across all six items since composites have the advantage of providing a more comprehensive measure of the construct when compared to a single variable (DeVellis, 2012) . However, principal axis factoring (PAF) indicated that the composite was not unidimensional across countries. Specifically, the six items split across two or three factors in the four countries. The frequency with which teachers asked students to "relate what they are learning in mathematics to their daily lives," "decide on their own procedures for solving complex problems" and "work on problems for which there is no immediately obvious method of solution" loaded on a single factor in all four countries. The reliability of the three-item scale ranged from 0.6 in Korea and Singapore to 0.7 in the U.S. and Japan. The remaining three items, the frequency with which teachers asked their students to "interpret data in tables, charts or graphs," "write equations and functions to represent relationships" and "apply facts, concepts and procedures to solve routine problems" loaded on a single factor in the U.S., Japan, and Singapore, but across two factors in Korea. The reliability of this scale was lower than optimal, ranging from .4 in the U.S. and Korea to .5 in Singapore and .7 in Japan. Based on the dimensionality of the items across countries and their lack of alignment with a theoretical construct, a composite variable was not created and teachers' responses to the six items were used individually in the analyses to represent teachers' practices related to teaching for conceptual understanding.
Student and school covariates
As student and school characteristics have been found to be associated with academic achievement, covariates measured at the student and school levels were included in the analyses. The purpose of the covariates was to account for student-to-student, and school-to-school differences that were unrelated to teachers' instructional practices. The student-level covariates included characteristics that prior research has linked with achievement: students' gender (Else-Quest et al., 2010; Liu and Wilson, 2009; Robinson and Lubienski, 2011) , home background (Henderson and Berla, 1994; Berliner, 2006; Schreiber, 2002; Sirin, 2005; Votruba-Drzal, 2006; Yeung et al., 2002) , and attitudes toward and beliefs about mathematics (Choi and Chang, 2011; Ho et al., 2000; Ma and Kishor, 1997; Singh et al., 2002) . Likewise, the socioeconomic status of the school has been found to be associated with outcomes for individual students (Rothstein, 2004; Rumberger and Palardy, 2005) .
Students' gender was included as a covariate (male = 1, female = 0) at the student level and multiple student-level measures were combined to create a composite variable to represent students' home resources and family background. The home background composite was created from several related questions: home educational resources (possession of a calculator, study desk, and dictionary), number of books in the home, and parents' highest education. The inter-relatedness of the items was confirmed using PAF and within each country, a standardized factor score with a mean of 0 and a standard deviation of 1 was created to represent students' home background. The reliability of the student home background composite is shown in Table 2 for each country. Also, to account for school-to-school differences related to the economic resources available in students' homes, the student home background composite was aggregated to the school level and included as a school-level covariate.
In an effort to control for student-to-student differences in attitudes toward and perceptions about mathematics, perceptions about their own ability in mathematics, as well differences in motivation to learn, three composite indices provided in the TIMSS student database were included as covariates in the analyses. The indices measured students' Positive Affect Toward Mathematics (PAT-M), students' Self-Confidence in Learning Mathematics (SCM) and Students' Valuing Mathematics (SVM) and were created by computing the mean of the student's scores on the constituent items . The response categories for the items used to create the indices were agree a lot = 1, agree a little = 2, disagree a little = 3, and disagree a lot = 4. On each index, students were classified into low, medium and high based on the mean across the constituent items. Subsequently, a categorical variable was created in which students with a mean score of 2 or lower received a classification of high (+1); students with mean scores greater than 2 but lower than 3 received a classification of medium (0); and students with scores of 3 or more received a low (−1) classification . Since the three indices were categorical, two dummy variables were created for each index in which the high (+1) group was the reference group for all comparisons. The categorical versions of the indices were used in the models because these characteristics were included as student-level covariates and were not central to addressing the research questions. The reliabilities of the three indices across countries are shown in Table 2 .
Analysis procedures
Analyses were conducted separately by country and included teacher-level analyses (research question 1) and student-level analyses (research question 2). To address the first research question, descriptive statistics were calculated using teachers' responses to the six individual teaching for conceptual understanding items and the results were represented both graphically and numerically. In addition, one-way ANOVAs with Bonferroni post hoc tests were conducted to examine whether the frequency of teaching for conceptual understanding in the U.S. was significantly different from the frequency in the East Asian countries. The descriptive statistics and ANOVAs allowed comparisons among countries with respect to mathematics teachers' use of instructional practices that support conceptual understanding. In each country, sampling weights were used to make adjustments for non-response and to ensure that subgroups of the sample were properly represented in the estimation of population parameters (Joncas, 2008) . Since the descriptive analyses and ANOVAs were based on teacher data, the mathematics teacher sampling weight (MATWGT) was applied to generate accurate estimates in each country.
To address the second research question, a series of multilevel linear regression models was formulated for each country. HLM software was chosen so that all five plausible values could be analyzed appropriately and so that the sampling weights could be applied at the appropriate level. In the series of models, students' achievement on the TIMSS mathematics assessment, represented by five plausible values, was regressed on teachers' practices related to teaching for conceptual understanding along with the student and school covariates. Multilevel regression procedures ensured that the statistical dependence among students within schools was accounted for by the complex residual structure thereby producing correct estimates of the standard errors associated with the regression coefficients; allowed student, teacher and school characteristics to be included in a single model to predict students' mathematics achievement; and allowed all five plausible values to be handled simultaneously (Raudenbush and Bryk, 2002) . The multilevel regression analyses required the calculation of student population estimates within each country and so the authors followed the guidelines set forth in the TIMSS documentation and applied the student sampling weight (TOTWGT) at the student level. Since this weight includes the probability of both the school and student being selected from the population, no weights were required at the school level (Joncas, 2008) .
At the first stage, an unconditional (or null) two-level regression model was specified for each country. This model was used to partition the total variability in mathematics achievement scores into within-and between-school variance components. These unconditional variance components were used to estimate the degree of statistical dependence (nesting) among students within schools for each country, as indicated by the intra-class correlation coefficient (ICC) and served as a comparison for subsequent models that included teachers' instructional practices as well as the student and school covariates. For each country, the unconditional model used to calculate the ICC was as follows:
At the second stage, teachers' practices related to teaching for conceptual understanding and the student and school covariates were included in the model to predict students' mathematics scores. The six individual teaching for conceptual understanding items were added to the models separately, thereby allowing the association between each one and mathematics scores to be examined independently. In each country, the level-1 model included the student covariates:
In this model, the mathematics score for student i in school j (Y ij ) was predicted by the linear combination of student covariates and a random student effect, r ij . The regression coefficients β 1 through β 8 represent the association between each covariate and mathematics achievement, holding all other predictors in the model constant. The level-1 covariates were entered into the model uncentered since they were dichotomous (i.e., gender), standardized to have a mean of 0 and a standard deviation of 1 (i.e., home background composite), or were coded as dichotomous dummy variables (i.e., PAT-M, SVM, and SCM).
At level-2, the aggregated student home background composite was included as a school covariate along with the teaching for conceptual understanding measures, each added separately. In each country, six level-2 models were formulated, one for each of the six teaching for conceptual understanding items, as follows:
In each of the six intercept-only models, the γ 02 regression coefficient represented the association between a particular teaching for conceptual understanding measure and mathematics test scores, holding all covariates in the model constant. The individual teaching for conceptual understanding measures were entered into the model uncentered. The percentage of economically disadvantaged students in the school was grand mean centered around the mean for all schools.
During the model development phase, the significance and reliability of the variability in the level-1 regression coefficients associated with the student covariates across schools was evaluated using McCoach's guidelines (2010). With some exceptions, the level-1 regression coefficients were found to be constant across schools and so these regression coefficients were fixed. However, in the U.S. and Japan, the relationships between mathematics test scores and gender, and between test scores and the SVM index, were not constant across schools. Also, in Japan, the relationship between mathematics test scores and the SCM index was not constant across schools. Additional exploratory analyses revealed that the variability in these relationships across schools was not related to the level-2 variables included in the analyses, the teaching for conceptual understanding measures and the percent of economically disadvantaged students in the school covariate. Therefore, in the final models, the slopes associated with these level-1 variables in the U.S. and Japan were allowed to vary randomly across schools, but no level-2 predictors were included in the models to predict that variability. In all other countries and for the other level-1 variables in the U.S. and Japan models, the level-1 slopes were fixed. For the fixed P level-1 slopes, the models were:
And, for the random P level-1 slopes (e.g., for the gender and SVM slopes in the U.S. and Japan, and for the SCM slope in Japan) the models were:
Comparisons between the fixed effects across models with different varying slopes is deemed to be appropriate since allowing slopes to vary randomly has little effect on the fixed effects or the standard errors associated with these fixed effects (Raudenbush and Bryk, 2002) .
For each country, the regression coefficients and variance components from these models were evaluated to examine whether teaching for conceptual understanding predicted students' mathematics achievement within each country, after controlling for student characteristics, and whether these relationships varied across countries.
Results
Patterns of teaching for conceptual understanding Figure 1 and Table 3 summarize the weighted percentages of teachers in the four countries that reported using the six individual measures of teaching for conceptual understanding (never (0), some lessons (1), about half the lessons (3), and every or almost every lesson(4)) and the descriptive statistics (mean, standard error of the mean, and standard deviation), respectively. Comparing across the six individual measures of teaching for conceptual understanding in all four countries, the largest percentage of mathematics teachers reported that they spent time in every or almost every lesson having their students apply facts, concepts and procedures to solve routine problems (48.8% in the U.S., 42.7% in Korea, 27.1% in Japan, and 34.4% in Singapore). The lowest percentage of mathematics teachers in all four countries spent time in every, or almost every lesson having their students interpret data in tables, charts or graphs (approximately 1.9% in the U.S., 2.7% in Korea, 2.8% in Japan, and 1.3% in Singapore). In general, the results in Figure 1 and Table 3 show that there is variability among the four countries in how teachers teach for conceptual understanding.
The results of the ANOVAs in Table 3 show that for each item, there were significant differences among at least two of the country means, even with a conservative alpha of .05/6 or .008. Focusing on how the U.S. compared to the other countries on the Figure 1 Percentages of teachers using each instructional practice. *As TIMSS uses a complex sampling design, mathematics teachers' sampling weights (MATWGT) were applied in the descriptive analyses to generate accurate estimates on the teacher population in each participating country. For the ANOVA, the alpha level was reduced to.05/6 or .008 to adjust for conducting six tests.
frequency of teaching for conceptual understanding, the post hoc tests indicate patterns in the differences. First, teachers in the U.S. reported that they had their students engage in four of the six practices significantly more frequently than teachers in some of the other countries. Specifically, mathematics teachers in the U.S. (M = 1.86, SD = 0.83) reported significantly higher rates for having their students relate what they are learning in mathematics to their daily lives than teachers in Japan (M = 1.26, SD = 0.62), Korea (M = 1.65, SD = 0.67), or Singapore (M = 1.38, SD = 0.61). Likewise, the post hoc tests showed that teachers in the U.S. (M = 2.29, SD = 0.78) reported having their students apply facts, concepts and procedures to solve routine problems significantly more frequently than teachers in Japan (M = 1.85, SD = 0.88) or Singapore (M = 2.00, SD = 0.83). Teachers in the U.S. (M = 1.54, SD = 0.75) also had their students decide on their own procedures for solving complex problems significantly more often than teachers in Japan (M = 1.18, SD = 0.61) or Singapore (M = 1.13, SD = 0.66). Finally, teachers in the U.S. (M = 1.15, SD = 0.72) reported having their students work on problems for which there is no immediately obvious method of solution significantly more frequently than teachers in Singapore (M = 0.88, SD = 0.59). This pattern was reversed for the practice of having students write equations and functions to represent relationships and interpret data in tables, charts or graphs. Teachers in the U.S. (M = 1.49, SD = 0.69) were significantly less likely to have their students write equations and functions to represent relationships than teachers in either Japan (M = 1.80, SD = 0.75) or Korea (M = 1.78, SD = 0.65). Although the frequency of teachers having their students interpret data in tables, charts or graphs was low in both countries (see Figure 1) , teachers in the U.S. (M = 1.14, SD = 0.46) were significantly less likely than teachers in Korea (M = 1.28, SD = 0.57) to engage in this practice.
These patterns across the four countries support the findings from classroom observation studies (Hiebert et al., 2005; VanTassel-Baska et al., 2008; Whitman and Lai, 1990 ) that there is variability in teachers' use of the instructional practices measured on the TIMSS teacher survey across countries.
Teaching for conceptual understanding and mathematics test scores
Tables 4, 5, 6, and 7 present the regression coefficients associated with the six individual teaching for conceptual understanding measures (Models 1-6) for predicting students' total mathematics test scores in the U.S., Korea, Japan, and Singapore, respectively. Since the student and school covariates are included in Models 1 through 6, the tables also present those regression coefficients. Using the standard deviation of students' mathematics scores in the sample, the coefficients were transformed into predicted standardized differences by dividing the regression coefficient by the standard deviation of the outcome variable (see Table 1 ). For example, if an independent variable X is associated with a regression coefficient b for predicting the outcome variable Y, the standardized regression coefficient is interpreted as the predicted standard deviation change in Y for a one unit increase in X, holding all else constant. In this case, a one unit increase in X corresponds to increasing teaching for conceptual understanding practices from never to some lessons, from some lessons to about half the lessons, or from about half the lessons to every or almost every lesson. Subsequent to the interpretation of the fixed effects, the percentage of variance explained by the models is discussed. Coefficients are statistically significant at p < .05. Student sampling weights (TOTWGT) were used at level-1 in all analyses.
†The level-1 slope associated with this variable was allowed to vary randomly across schools. No predictors were included to explain the variability in the slope. Coefficients are statistically significant at p < .05. Student sampling weights (TOTWGT) were used at level-1 in all analyses.
†The level-1 slope associated with this variable was allowed to vary randomly across schools. No predictors were included to explain the variability in the slope. Coefficients are statistically significant at p < .05. Sampling weights (TOTWGT) were used at level-1 in all analyses.
For the U.S., Table 4 shows that the frequency with which teachers asked their students to write equations and functions to represent relationships (b = 24.78, standardized difference = 0.33, p < .001), decide on their own procedures for solving complex problems (b = 9.49, standardized difference = 0.13, p < .01), and to work on problems for which there is no immediately obvious method of solution (b = 7.05, standardized difference = 0.09, p < .05) were each associated with increased mathematics scores, after controlling for the covariates included in the models. The largest predicted increase in achievement was associated with U.S. teachers having their students write equations and functions to represent relationships; recall that teachers in the U.S. were significantly less likely than teachers in Japan and Korea to have their students engage in this practice (Table 3 ). For every one point increase in teachers' practice of having their students write equations and functions to represent relationships (e.g., increasing the frequency of using this practice from some lessons to about half the lessons), students' mathematics scores were predicted to increase by 0.33 standard deviations. Tables 5 and 6 show that in Korea and Japan, none of the six individual teaching for conceptual understanding items was significantly associated with students' mathematics test scores; the regression coefficients and standardized difference associated with the individual practice items were small; between −0.08 and 0.01 in Korea and between −0.003 and 0.11 in Japan. Table 7 shows that in Singapore, the frequency with which teachers asked their students to write equations and functions to represent relationships (b = 28.38, standardized difference = 0.32, p < .001), apply facts, concepts and procedures to solve routine problems (b = 20.43, standardized difference = 0.23, p < .01), and to work on problems for which there is no immediately obvious method of solution (b = 33.68, standardized difference = 0.37, p < .001) were each associated with increased mathematics test scores, after controlling for the student and school covariates in the model. Two patterns were apparent in these results. In Korea and Japan the items used to represent teaching for conceptual understanding were not associated with students' mathematics test scores. Conversely in the U.S. and Singapore, students in classrooms where teachers asked their students to write equations and functions to represent relationships or work on problems for which there is no immediately obvious method of solution were predicted to have higher mathematics scores, after controlling for all other variables in the model. The standardized regression coefficients for having students write equations and functions to represent relationships were almost identical in both countries; 0.33 in the U.S. compared to 0.32 in Singapore.
The percentage of variance explained by the predictors in the models corroborates these findings. Table 8 shows the percentage of variance in mathematics achievement within and between schools, and the variance explained (within and between schools, and in total) by the items representing teaching for conceptual understanding, and the student and school covariates. The variance in achievement within schools and between schools (the ICC) varied across the four countries; however, the U.S. is most similar to Singapore with respect to how the variance in mathematics scores is distributed. In both countries, more than half of the variability in students' scores lies among schools, 57.1% in the U.S. and 73.9% in Singapore, suggesting that students in the U.S. and Singapore are likely to attend schools with students who are similar to themselves. The fixed effects for these models are not shown.
In Korea and Japan, the majority of variance in mathematics scores is among students within schools, 89.4% in Korea and 80.1% in Japan. The small percentages of variance in achievement between schools suggests that teacher-to-teacher differences in teaching for conceptual understanding practices, or any teacher-or classroom-level practice or characteristic for that matter, will be of limited use in predicting student-to-student differences in achievement in these countries.
Recall that only one classroom per school is included in the analysis sample. As a consequence, the variance in achievement between classroom within schools and the between school variance in achievement are confounded, so the proportion of variability between schools is larger than is observed when classroom-to-classroom differences are separated from between school differences. For example, when multiple classrooms per school are included in the analysis in the U.S., a three-level model indicates that approximately 40% of the variability in mathematics performance lies between students within classrooms, 47% between classrooms within schools, and 12% between schools. In Singapore, the only other country with large numbers of schools with more than one classroom, approximately 23% of the variability in mathematics performance lies between students within classrooms, 53% between classrooms within schools, and 24% between schools. Table 8 also presents the variance components for the covariates-only model (fixed effects not presented), and for each of Models 1 through 6 in the four countries. The student and school covariates explained similar percentages of the total variance in students' mathematics scores in the U.S. and Korea, 44.6% and 43.1%, respectively. In Singapore however, the student and school covariates explained approximately 62% of the total variance in achievement -22.5% of the 26.1% available within schools, and 75.4% of the 73.9% between schools.
Despite being significantly associated with achievement in the U.S. and Singapore (Tables 4 and 7) , the frequency with which teachers asked their students to write equations and functions to represent relationships and work on problems for which there is no immediately obvious method of solution explained only very small percentages of the total variance in students' scores after controlling for the covariates in the model (between 0.2 and 1.6 additional percentage points). Likewise, having students decide on their own procedures for solving complex problems did not explain any additional variance in achievement in the U.S., and having students apply facts, concepts and procedures to solve routine problems did not explain any additional variance in achievement in Singapore.
The percentage of variance explained in Korea and Japan corroborate the findings in Tables 5 and 6 that these measures of teaching for conceptual understanding were not associated with mathematics test scores; Models 1 through 6 explained no additional variance over and above the percentage of variance explained by the covariates.
Student and school covariates and mathematics test scores
Though not central to the research questions posed, patterns were also evident in the regression coefficients associated with the student and school covariates across the four countries. The only significant effect for gender was observed in the U.S., with the difference favoring males. In the three East Asian countries, students' with more positive attitudes toward mathematics (higher on the PAT-M index), students who valued mathematics (higher on the SVM index), and had greater self-confidence in learning mathematics (higher on the SCM index) were predicted to have higher mathematics scores. However, in the U.S., only students' self-confidence in learning mathematics was associated with mathematics test scores. In all countries, the composite representing students' home background and the school aggregated home background composite were significantly associated with mathematics test scores; students from better resourced homes and students in schools where the student body come from well-resourced homes were predicted to have significantly higher mathematics scores.
Conclusion and discussion
Educators, researchers and policy-makers worldwide continue to struggle to understand the changes that need to be made to improve educational outcomes and educational attainment for students, particularly in content areas such as mathematics and science that are essential for developing a highly skilled workforce. It is evident from the vast body of educational research that the correlates of student achievement and attainment are many and varied, particularly across countries, and that it is unlikely we will be able to isolate a single policy or practice that will alone, resolve all the concerns around improving student outcomes.
In the U.S., state and federal initiatives such as the Race to the Top program have renewed the emphasis on linking teacher quality with student outcomes. In reality, teacher quality is a complex construct that almost certainly hinges on teachers' instructional practices, pedagogical content knowledge, attitudes toward students and teaching, as well as pre-service qualifications and professional development activities (Darling-Hammond and Youngs, 2002; Goe, 2007) . However, while U.S. federal policies support the idea that how teachers teach is central to teacher quality, there appears to be little consensus on the specific instructional practices that are consistently associated with student achievement. The focus of this research was on developing a deeper understanding of the types of instructional practices, particularly practices supporting conceptual understanding, used by U.S. teachers compared to teachers in a subset of higher-performing East Asian countries, and to examine whether those instructional practices were related to students' mathematics test scores.
In conducting this study, the authors acknowledge that one of the most significant challenges for comparing the relationships between student test scores in U.S. to the test scores of students in East Asian countries is the pervasiveness of out-of-school instruction in those countries, particularly in mathematics (Bray, 2003; Bray and Kwo, 2013) . The proliferation of for-profit, supplementary instruction through juku or hagwons is likely to affect the validity of the comparisons, and unfortunately the extent of the effect is difficult to estimate using data from large-scale, international studies such as TIMSS, PIRLS, and PISA.
The descriptive results presented here support the findings from previous studies, including classroom observation studies, that there is variability across countries in teachers' use of instructional practices for supporting conceptual understanding (Hiebert et al., 2005; VanTassel-Baska et al., 2008; Whitman and Lai, 1990) . Focusing on how the U.S. compares to the other countries, it appeared that teachers in the U.S. were most similar to Korean teachers in the frequency of their reported practices, and that they reported using some of the practices at least as frequently, or more frequently than teachers in the other countries. This pattern is somewhat at odds with previous research findings about teaching practices in the U.S. For example, Hiebert et al. (2005) concluded from the 1999 TIMSS video study that, compared to higher performing countries, teachers in the U.S. spent more time completing repetitive exercises rather than applying and extending skills to new, different problems. In contrast, these data show that teachers in U.S. classrooms reported rates for having their students apply facts, concepts and procedures to solve routine problems, relate what they are learning in mathematics to their daily lives, decide on their own procedures for solving complex problems, and work on problems for which there is no immediately obvious method of solution that were as high, or higher than the top-performing comparison countries.
One possible explanation for the patterns observed may be differences in how the survey items are interpreted across countries, a significant challenge in any international study that uses self-report surveys. For example, when presented with a survey item that uses the term "complex problem" there may be cultural differences in what constitutes "complex"; something that is considered complex in one culture may be characterized as basic in another. Likewise, it is also possible that the different patterns observed in this study are due to the data being gathered from self-reports only, with no classroom observations or interviews to verify the results. Unfortunately, in the absence of observational or interview data, it is difficult to disconfirm the hypothesis that crosscultural interpretation differences underlie the response patterns.
In Japan, the pattern of responses about use of practices that support conceptual understanding was at odds with the findings from previous TIMSS administrations. For example in TIMSS 1999, Japan led the other nations in teaching for conceptual understanding in eighth grade mathematics classrooms, ranking first in the frequency of using such practices . Moreover, the TIMSS video study, also conducted in 1999, came to the same conclusion based on classroom observations (Hiebert et al., 2005) . However, the patterns observed here for TIMSS 2007 suggest there may have been changes in Japanese teachers' practices in the intervening years; teachers in Japan no longer reported using the six strategies as frequently as in previous TIMSS administrations. Overall, teachers in Korea, and in some cases the U.S., employed these strategies more frequently than teachers in Japan.
In looking at whether teachers' instructional practices for supporting conceptual understanding were related to students' mathematics achievement, two interesting patterns were observed. The relationships observed between teachers' instructional practices and mathematics achievement in the U.S. and Singapore were similar. Of the six teaching for conceptual understanding practices examined, two were significantly associated with achievement in both countries. These were: the frequency with which teachers had their students write equations and functions to represent relationships and work on problems for which there is no immediately obvious method of solution, one of the most complex conceptual skills at the higher end of the construct of teaching for conceptual understanding (Hiebert and Grouws, 2007) . In terms of a standardized effect size, the largest predicted change in mathematics achievement was associated with teachers having their students write equations and functions to represent relationships. Holding all else constant, increasing the frequency of using this practice from say some lessons to about half the lessons was associated with a predicted increase in achievement of 0.33 standard deviations in the U.S. and 0.33 standard deviations in Singapore. In each of these two countries, one additional instructional practice was associated with higher mathematics test scores: having students decide on their own procedures for solving complex problems in the U.S., and in Singapore, having students apply facts, concepts and procedures to solve routine problems, one of the less complex skills at the lower end of the construct (Hiebert and Lefevre, 1987) .
Although teachers in the U.S. had their students write equations and functions to represent relationships less frequently than teachers in Korea and Japan, the significant regression coefficient in the U.S. indicates that, even after controlling for student and school covariates, this instructional strategy may be effective when used. This result in the U.S. aligns with Camburn and Han's meta-analysis (Camburn and Han, 2011 ) that reported statistically significant support for the positive association between achievement and certain instructional practices. However, it is at odds with Tomoff et al.'s (2000) study of the earlier TIMSS 1995 data, which based on the analysis of slightly different survey items relating to teaching practices, did not find even a weak relationship between achievement and instructional practices in the U.S.
Likewise, although teachers in Singapore reported some of the lowest frequencies of having their students write equations and functions to represent relationships, apply facts, concepts and procedures to solve routine problems, and work on problems for which there is no immediately obvious method of solution among the four countries studied, these practices were each positively associated with mathematics achievement.
However, despite observing a statistically significant relationship between some of the instructional practice measures and mathematics achievement in the U.S. and Singapore, the measures explained very small percentages of the variability in mathematics achievement (between 0.2 and 1.6 additional percentage points). These percentages were similar to those reported by Desimone, Smith, Baker and Ueno's TIMSS 1999 study (Desimone et al. 2005 ) who found that the relationship between mathematics achievement and the frequency of using strategies for teaching for conceptual understanding were weak in the U.S. The results from this study confirm that differences in instructional practices may not be the largest contributing factor to the observed differences in achievement between U.S. students and students in higher-scoring, East Asian countries.
First, teachers' uses of instructional practices were not associated with students' total mathematics scores in Korea or Japan. Though not presented as part of this research, this finding held when we looked at students' sub-domain scores in Numbers, Algebra, Geometry, and Data and Chance, and when we included or excluded the student and school covariates from the model. This finding may be due to the small proportion of variability in achievement among schools in Korea and Japan that is available to be explained by differences in teachers' instructional practices. Compared to the U.S. and Singapore where 57.1% and 73.9% of the variability in mathematics achievement existed between schools, respectively, only 10.6% of the variability in mathematics achievement exists between schools in Korea, and 19.9% in Japan. Furthermore, in Korea, more than two-thirds of the small proportion of available variance in mathematics scores between schools was accounted for by the covariates, leaving even less to be explained by differences in teachers' uses of instructional practices.
As with any study of this nature, there are additional considerations in the interpretation of the findings presented here, some of which are intractable issues when conducting secondary analyses with large-scale, international comparative study data. First, the most obvious limitation of this research is that it cannot support causal claims about the observed relationships between teachers' instructional practices and student test scores. Being a cross-sectional observational study that does not include information about students' prior achievement, these data do not support claims about whether student achievement is influenced by teachers' instructional practices, or whether teachers are using particular practices because they have high achieving students. Related to this point is the self-reported nature of the information provided by the teachers; stronger evidence for the existence of the relationship, or lack of relationship, between instructional practices and student outcomes would require studies to include a classroom observation component.
Second, the data analyzed to address the research questions were derived from the survey data collected as part of the TIMSS 2007 study. So, although the TIMSS documentation reports that the practices measured on the surveys were those deemed by TIMSS developers and its partners to be most effective for mathematics instruction (Mullis et al., 2005) , they may not be culturally attuned to the practices that teachers use in some East Asian countries. In this sense, we cannot be certain that other, perhaps similar instructional practices are not associated with student test scores. In addition, there is the possibility that teachers from different cultures interpreted the survey items in different ways. Also, since teachers were not asked to indicate the amount of time spent per lesson on the different teaching practices, it was not possible to discern whether time spent using particular teaching strategies was associated with the observed differences between countries.
Third, the analysis sample was selected according to strict exclusion criteria and resulted in the removal of many students and schools. The comparison presented in Table 1 indicates that the reported samples (Mullis et al., 2008) and analysis samples were similar in terms of mean achievement, variability in achievement, and in the percentages of students whose teachers asked them to engage in the six activities in about half the lessons or more. However, it is possible that the reported and analysis samples differ on other characteristics and that bias may have been introduced with the removal of students and schools.
Finally, one possible explanation for the observed differences in mathematics achievement between countries may be the pervasiveness of supplementary, out-of-school instruction for East Asian students (Bray, 2003; Bray and Kwo, 2013) . While in 1995 While in , 1999 While in , and 2003 TIMSS asked students how much time they spent outside of school receiving instruction in mathematics, this question was omitted from TIMSS 2007, precluding researchers and policy makers from exploring this hypothesis. Given the increase in out-of-school instruction in some countries, we would recommend that a question relating to out-of-school instruction be re-introduced in future TIMSS studies.
To conclude, while acknowledging these limitations, the authors believe that the evidence presented in this research contributes to our understanding of the complexity of teachers' pedagogical practices in the classroom and points to the need for more nuanced research in this area. In particular, additional efforts should be undertaken in international comparative studies to estimate the effects of out-of-school instruction on students' test scores, and to disentangle those effects from the effects of countries' formal education systems.
